Background: The use of radiation in the health sector is of tremendous diagnostic and therapeutic benefit to patients. However, scatter radiation associated with its use poses detrimental risks to occupational staff and other health personnel whose activities are associated with the use of radiation. Therefore, there is a need to ensure effective monitoring of occupational exposed health personnel. Presently, the effectiveness of this programme at the biggest tertiary hospital in Ghana is however unclear. Aim: The aim of this study was to investigate if occupationally exposed radiographers in the biggest tertiary referral hospital in Ghana were monitored in compliance with international regulations. Methods: A quantitative descriptive survey design was used to obtain data on radiation monitoring in the biggest tertiary referral hospital in Ghana from February 2014 to April 2014. Two different tools, observation and questionnaire, were employed for data collection from 50 radiographers purposively sampled in the study. The data was analysed with Microsoft Excel 2010. Results: A 100 % response rate was obtained. All respondents were monitored by means of a TLD badge except 4(8 %) who did not have any personal radiation monitoring device. Although 86 % of respondents confirmed that their personnel dosimeters were collected for reading after 3 months of use, all the respondents however, did not receive TLD readings feedback until after 3 or more months. In particular, 38 % of diagnostic radiographers claimed they never received any feedback, while 66 % respondents indicated radiation monitoring in their various departments were unsatisfactory. Delays from the service provider (regulatory body) were identified as the causes of irregularities in supply of dosimeters and monitoring feedback. Conclusion: Radiation monitoring of occupational personnel at the biggest tertiary hospital was unsatisfactory and did not meet required standards. Hospital management and the regulatory body should ensure strict compliance with international regulations for purposes of achieving occupational radiation safety.
Background
The diagnostic role of x-rays in contemporary medicine is well established although x-rays are a known and proven human carcinogen [1] . Worldwide, the annual per capital effective dose has doubled over the past decade due to the daily increase in diagnostic procedures [2] . This implies that more people are exposed to ionizing radiation for either diagnostic or therapeutic purposes. Ghana is not exempted from this increasing diagnostic use of x-rays with examinations ranging from six to eleven per thousand population recorded from 1990 to 1996 [3] .
Due to the detrimental effects of x-rays, it is necessary to keep all radiation exposures and hence radiation doses to occupational (staff ), medical (patients) and public (general public) as low as reasonably achievable (ALARA) or practicable (ALARP) [4] . This can only be achieved if there is strict adherence to all regulations pertaining to the administration of x-rays for the safety of users and recipients. In Ghana, radiation safety at workplaces can be accomplished if there is optimization of occupational exposures and the establishment of radiation protection programmes [5] . Monitoring of external radiation is therefore essential in assessing occupational exposure in therapeutic and diagnostic radiology [6] . Technological advancements in the use of radiation in medicine pose new challenges for radiation protection to both patients and workers [7] . Occupational exposure has been described as the worker exposure received during a period of work [8, 9] . Medical radiation workers, the earliest occupational group exposed to ionizing radiation, comprise the highest number of radiation workers in Ghana and about 2.3 million worldwide [5, 10, 11] .
Persons potentially exposed to radiation as a result of work to more than three tenths of the occupational dose limit are occupationally exposed workers (OEWs) or radiation workers [12] . Occupational exposure to radiation can occur as a result of various human activities in a range of industries, medical institutions, educational and research establishments [9] . According to the World Health organization [13] , OEWs often become vulnerable to detrimental work-related conditions in an attempt to attain personal career goals and organizational success. A study revealed that radiation exposure may have been a contributory factor to the onset of posterior sub capsular cataracts among radiologic technologists [14] . In Ireland, the majority of annual doses greater than 1 mSv were received by workers in diagnostic radiology [15] , while studies have revealed that radiology technologists had significant increase in female breast cancer [16] [17] [18] in the United States of America. It is therefore imperative that OEWs are effectively monitored and provided with suitable and adequate personal protective equipment which meets relevant regulations and international standards [19] . This position is emphasised by Goldstone [12] , who indicated that OEWs are categorized as Category A or classified workers and must be subjected to comprehensive personnel radiation monitoring by approved dosimetry service providers. This is to determine the effective dose levels and provide information on the health risks of radiation workers and to ensure good practice. Individuals normally exposed to medical radiation in controlled areas are medical physicists, radiographers, radiologists, radiation protection officers and radiology/ radiation nurses. Personnel monitoring is further recommended for frequent users of x-ray systems and ancillary workers. As a result of potential stochastic or deterministic radiation effects which OEW are exposed to, principles of radiation protection and recommendations for personnel safety have been established by institutions such as the IAEA. This is enhanced by the monthly monitoring of individual effective dose [20] .
In Ghana, ACT 588, The Atomic Energy Commission Act, 2000 was enacted by parliament to make proposals and advise the Government on legislation in the field of nuclear radiation and to supervise the carrying out of all requirements designed to secure the safety and health of radiation workers and the environment. The Radiation Protection Board (RPB) was therefore established by the amendment of the Ghana Atomic Energy Commission (GAEC) Act 588, 2000 and regulations LI_1559 of 1993, through the Provisional National Defence Council Law 308 and tasked to oversee all forms of ionizing radiation and safety issues of the country [21] . Additional functions include the initiation and drawing up of protection strategies on radiation, licensing users, supervising and monitoring the use of irradiating devices and radioactive materials. They are also into supplying and evaluation of dosimeters. To ensure its functionality, the RPB has issued safety guides to ensure the correct use of ionizing radiation. However, the question is: Are these safety guides on personnel monitoring working effectively or implemented?
Provision of regulations does not wholly deal with the problem of radiation protection and therefore management as well as personnel have their responsibilities regarding the enforcement of legislation [22, 23] . In Ghana, management of institutions where radiation is used have the role of developing policy to indicate commitment to optimization of protection within the organization by appropriate radiation programme [21] . This includes proving radiation protection measures and ensuring effective monitoring of radiation workers through provision of dosimeters while the personnel are to comply effectively with radiation protection standards [21] .
An evaluation of personnel radiation monitoring in South-Eastern Nigeria revealed that personnel monitoring did not cover all employed personnel and the duration for supply of new dosimeters was three years [24] . Does this status of personnel monitoring reflect a comparable condition in Ghana?
In Ghana, the medical sector has the highest number of radiation workers. Studies on occupational dose accumulation revealed low dose accumulation during the process of practice [5] . Despite this evidence, there is little available data in Ghana on the regularity of use of personnel dosimeters by occupationally exposed health professionals and the status of monitoring as required by law. Could the lack of available literature confirm the discovery that regulations are known to have no strong influence in some countries? It is of necessity therefore to investigate if OEWs such as radiographers are effectively monitored for radiation safety.
Methods
This study was conducted in the radiotherapy (oncology) and the radiology departments of the biggest tertiary hospital in Ghana from February 2014 to April 2014. A quantitative descriptive survey design was used to obtain data. Two different tools; observation check list and questionnaire, tested for validity and reliability were employed for data collection. The observational tool in a form of checklist was used to retrieve data from dosimeter records on radiation monitoring from the departments. The check list assessed records on the following: the types of personal monitory devices used in the hospital, whether the personal monitory devices were collected for reading, how often they were sent for reading, whether feedback were brought to personnel and the level of frequency, were assessed. Items on the list also included whether there was national dose register at the facilities, whether the available readings were within normal range, whether radiation protection experts were available and whether sanctions were in place to deal with non-complying personnel with personal dose monitoring principles.
The 24-item, 4-sectioned questionnaire consisted of close and open ended questions that focused on capturing information on the state of personnel monitoring from the respondents. Section A sought demographic information such as gender, department of practice of respondents and years of clinical experience. Sections B and C sought information on provision of personnel dosimeters and regularity in the use of dosimeters, and the time elapsed before reading of personnel dosimeter, the provision of feedback to personnel and the availability of radiation experts respectively. Information regarding the awareness of personnel dosimetry regulations by respondents and whether personnel wear their badges during working hours all the time were assessed in section D. Also the level of satisfaction of radiation among respondents in their departments was addressed in section D.
All the radiographers in the hospital totalling fifty (from both diagnostic and therapy departments) were invited to participate. Purposively, all the radiographers were contacted in their working environments by the research team and issued with questionnaires, which were completed and returned to the research team by hand. For the observational study the research team approached the various departments within the hospital and evaluated practice and records with the check list items. The data collected was entered into Microsoft Excel spread sheet 2010, and descriptive analyses were generated.
Ethics
In accordance with ethical requirements and regulations, approval for the study was issued by the Ethics and Protocol Review Committee of the School of Biomedical & Allied Health Sciences. Permission to carry out the study was also granted by the radiotherapy and the radiology departments of the teaching hospital. Participants were made to understand that their involvement in this study were voluntary and could however withdraw their participation at any time. In addition, they were assured anonymity and confidentiality of all their personal information. All the participants willingly consented to the study.
Results
All the radiographers (100 %) consisting of 27 females (54.0 %) and 23 (46.0 %) males participated in the study, and worked either as diagnostic radiographers (n = 38, 76.0 %) or therapeutic (oncology) radiographers (n = 12, 24.0 %). The demographics (Table 1) showed that the majority 21(42 %) had worked for 11 to 20 years, while 6 (12 %) had worked for 31 to 40 years and 2(4 %) had worked for over 40 years.
All respondents were monitored by means of a TLD badge except 4(8 %) who did not have any badge/device. Thirty two (64 %) of the respondents who worked in other hospitals were monitored at their previous employments. However, their current employers did not demand for previous dosimeter records. Twenty eight (56 %) of respondents were aware of regulations on monitoring of OEWs while the rest were not. However, 22(79 %) of those who claimed awareness of the monitoring regulations did not know of any sanctions regarding personnel monitoring. 43 personnel representing 86 % of the respondents admitted that they do not wear their TLD Badges at all times during work. The rest said otherwise. Contrary to IAEA and WHO recommendations that personal monitoring badges should be worn when in radiation environments [7] , those who failed to wear TLD badges always during working hours indicated that they kept their TLD badges in the bags when not wearing them during work. Respondents' comments on receipt of feedback and duration taken before collection and analyses of personnel dosimeters, availability of radiation protection officers, level of satisfaction of monitoring and reasons for their dissatisfaction are as shown in Tables 2 and 3 
Observational findings
It was observed that personal radiation monitoring devices used mainly in the diagnostic and the therapeutic departments of the hospital were thermoluminescent dosimeter (TLD) badges. The period of TLD collection for reading exceeded 3 months. Feedbacks were also not given on time. Records at the diagnostic department showed that the last time radiation monitoring reports or feedback was sent to radiography personnel was over a year ago. In the oncology department, records showed that TLD badges were changed and feedback sent to the department. The changing period at the oncology site ranged from 3 to 6 months. National dose register was also present at the hospital although records were not up to date. At the radiotherapy centre, readings up to five years were available. At the diagnostic unit, only one (1) year period readings were available. In both departments not all the personnel had their readings consistently available in the dose register. The available readings were however within normal range as suggested by International Atomic Energy Agency [9, 19] . For personnel whose available readings were for a period 3 months (quarterly effective dose), the minimum and the maximum readings were 0.14 and 0.5 mSv respectively and a mean value of 0.48 mSv with a standard deviation (SD) 0.14. For those whose available readings were for a period 6 months, the minimum and the maximum effective dose readings were 0.26 and 0.83 mSv respectively with a mean value of 0.63 mSv SD 0.37. Also, for those whose available readings were one year, the minimum and the maximum effective dose readings were 0.28 and 0.97 mSv respectively with a mean of 0.71 SD 0.12. Moreover, for those whose available readings were for a period of five years, their effective dose ranged from 2.43 to 5.97 mSv with an average of 4.52 mSv SD 1.5.
Only one radiation safety officer was available in the diagnostic and radiotherapy departments and based in the latter. Also, proper standard operating procedures were not in place in the two departments. A fine of US $55 dollars was imposed by the regulatory body which also doubled as the service provider for loss of a TLD badge; this was however not enforced. Interim queries and warning letters were issued to personnel who submitted their TLD badges late in the oncology department. It was also noted that there were plans of applying sanctions to defaulting personnel in the diagnostic department.
Discussion

Demographics
The observed gender variation in this study is consistent with the literature [25] which reports more females than males in radiography. The population of radiographers in diagnostic radiography practice was much larger than those in therapy radiography. The above finding is attributable to the fact that diagnostic radiography in Ghana is much older and hence has many radiographers trained and practising in this speciality. A probable reason for the small population of radiographers with over 40 years of working experience is that most of them had retired.
Dosimeter use, time interval for dosimeter collection and receipt of feedback and record keeping
The TLD badge with its property of cumulative dose recording was the common dosimeter used in the study site. It was observed that 8 % did not have any personal monitoring device. This is similar to the report of Okaro and colleagues [24] that personnel monitoring did not cover all employed personnel in South-Eastern Nigeria. On the contrary, the IAEA [9, 19] safety guidelines require that every occupationally exposed worker must have a personal radiation monitoring device. It was noted that the period for collection of dosimeters exceeded 3 months for 80 % of respondents (Table 2 ). This revealed a contradiction with local and international regulations which require that TLD must be changed and submitted for reading every month or at most 3 months to prevent loss of stored information. Personnel cited inconsistencies in supply of dosimeters by the regulatory body as reason for the irregular periods of evaluation. It was also observed that the regulatory body's role as the sole provider of dosimetry services accounted for delays in supply and dosimeter readings. Although it was recognized that the service provider had made arrangements to ensure fast and convenient delivery of TLD badges it was noted that hospitals failed to return the same number of supplied dosimeters and thereby created artificial shortage. The respondents ( Table 2 ) indicated lack of prompt feedback until after 3 or more months post collection and analyses of personnel dosimeters. The situation was even worse at the diagnostic department where 38 % of respondents claimed they have never received any feedback before. This is in contravention with local regulations which states that feedback must be sent promptly to all personnel and their respective departments after reading and analysis of badges. Investigations at the diagnostic department revealed that the latest time personnel received reports was over a year ago. Irregularities in the change of TLD badges were cited as the cause. In the oncology department, available records showed that TLD badges were frequently changed and feedback sent to the department with serial numbers and doses. The changing period at the oncology site ranged from 3 to 6 months. The delays and lack of feedback to personnel in the diagnostic department was attributed to poor supervision and a lack of knowledge of the appropriate authority to report radiation safety complaints. This further contravenes standards for keeping employer records as prescribed by the International Labour Organization [8] . Additionally, the national dose register was available at the departments, although the data in the diagnostic department was not up to date. However, the available data indicated that personnel effective doses were within the safety limits recommended by IAEA [9, 19] . Meanwhile, the fact that about 86 % of the personnel did not always wear their TLD badges during work hours but sometimes kept them in their bags could mean that personnel effective dose might be higher if they wore them.
Monitoring of personnel with previous work experience
Although personnel dosimeter records keeping is vital for dose assessment and corrective measures, it was observed the current employer did not demand dosimeter record histories of most previously monitored respondents at their previous work places. This suggests a lack of enforcement of standard regulations on employing radiation workers as required by the IAEA [3, 9] .
Availability of radiation experts
Among the radiation experts, only the RSO was available in the study site. This finding agrees with a study in Southern Nigeria where radiation experts were available in only a few hospitals [24] . Some respondents however reported the presence of radiation experts such as RPO and MPE in the teaching hospital (Fig. 1) . This was inaccurate though. It was noted that Ghana has RSOs and not RPOs as required by the IAEA. This was consistent with findings in local legislature and guidelines. It was further revealed that ideally, there should be 4 RSOs in the hospital (2 each in the diagnostic and oncology departments). However, only 1 RSO was available in the hospital. In large facilities such as the big teaching hospitals, the availability of radiation experts is vital to ensuring optimal radiation safety [26] . This includes ensuring that occupationally exposed radiographers always wore monitoring badges during working hours and personal radiation monitoring and radiation protection practices were effectively implemented. This scarcity of radiation experts is consistent with research findings in Southern Nigeria [24] .
Awareness of sanctions and regulations
Sanctions or penalties must be in place to correct defaulting individuals. Most respondents were neither aware of regulations nor sanctions for OEWs. This could be due to the unavailability of standard operating procedures regarding personnel monitoring. It was noted that a fine of US $55 was imposed for the loss of a TLD badge; however this rule was never enforced although queries and warning letters were issued to defaulting personnel for late submissions in the oncology department. Plans of applying sanctions to defaulting personnel in the diagnostic department were also noted.
Satisfaction amongst respondents
Respondents were generally dissatisfied with the level of personnel radiation monitoring at their departments as illustrated in Table 3 . Most expressions of dissatisfaction were registered in the diagnostic department. Leading reasons for dissatisfaction were irregular dosimeter collection periods and the unavailability of feedback to personnel as revealed by the majority of the respondents (Fig. 2) . Dissatisfaction of personnel could affect their work output and their eventual productivity which will affect the patient.
Conclusion
Radiation monitoring of OEWs at a tertiary hospital in Ghana did not meet international monitoring standards. It was observed that although almost all working personnel were supplied with personnel dosimeters, there were long periods of delay before dosimeters were collected for analysis. Additionally, feedbacks from the service provider were readily unavailable to personnel after TLD readings, and several of the radiographers were not well informed about regulations regarding personnel dosimeter usage. Many of them did not wear their TLD badges always during work and no sanctions were applied to defaulting personnel. There were also inadequate number of radiation experts at the hospital. These constitute contravention of local and international regulations regarding regularity in use of dosimeters and time period for collection of used dosimeters.
Recommendations
The management of hospitals should employ the services of radiation experts to ensure that safety standards of operations are being carried out. There should be effective training and periodic retraining of personnel to enlighten them on personnel monitoring regulations and also ensure they are kept abreast with current trends and techniques.
Independent dosimeter service providers should be established to enable the regulatory body in function adequately. Concerned authorities such as the managers of health institutions, the radiation safety officers and the radiation protection Institute should ensure that radiographers as well as other occupationally exposed workers are always provided with and wear their personal monitoring devices.
